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© Polymer compositions for the production of articles of biodegradable platics material and methods 
for their preparation. 

© 

A polymer composition usable for the production of articles of biodegradable plastics material includes an 
ethylene/vinyl alcohol copolymer and destructured starch. Preferably, the composition is obtainable by mixing 
the ethylene/vinyl alcohol copolymer, in a heated extruder, with a starch component constituted by a destruc- 

^tured starch composition produced beforehand by mixing starch with a high-boiling plasticizer, such as glycerine 
and a destructuring agent, preferably constituted by urea, in an extruder. Alternatively, the composition can be 

CM obtained by mixing the ethylene/vinyl alcohol copolymer with starch and a plasticizer in an extruder, with water 

padded as appropriate and possibly with a suitable destructuring agent. 

The composition is particularly useful for the production of films with good resistance to perforation and 

O tearing and moulded articles with improved mechanical strength. The products made from this composition are 

l£also good oxygen and carbon dioxide barriers. 
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moulded enicies J, gL m^icatr^ W0, '° e c ° m '*' s " ra " s '» »» - 
As regards lira production of compositions lor dims. US patent No smni „.«,.,ik„ 

rm . adcMlon of cree end/or polyols 10 Ore 6AA copolymer/starcn compositions in oader to taciia..a c.i. 
preparation ana rmprove ll» resulting lilms from m economic and oueetlu.. „^n« Li , 
proposed in tnd. Eng. Cttem. Res. 1967. 26 pages 165SM663 £J 00 "" s 01 ,s als ° 
**. P. improving m. gptHn, 0 , „ «J ^ ^.T^^^^IS 
prodoceon ol e pnilorm »,m „om comity composieona (a w,», content ol ^nd "C* It t « 

In general, however, the films produced by the methods described in the technical dna^t. 
mentioned above still have a low tearing resistance which makes then completely unsuSetr us^ the 
production of packaging articles, such as bags and the like unsu.taoie tor use for the 

With reference to the production of moulded articles, this term meaning articles with wall thirWnp«« 
In this case, the process has been found to be very variable since thP u.*™e t * 

Published European patent application EP-A-0 304401 describe* a m*,h„H #~ .u • • • 
moulding of capsu.es from destructured starch. ,n this case Tartic.es a ned 7 V T P roce s^.'sTh^ 
poor mechan,cal properties, as well as being very soluble in water 

In view of the above, a further object of the invention is to provide compositions useful for •*» 
production of moulded articles with good physical and mechanical properties C ° mpOS " ,0nS USeful ,0f ,he 
In v,ew of the specified objects, a first subject of the invention is a polymer comoosition usable- for .ho 

sexx? ot biode9radabie p,as,ics ^ « ^s^xz 

the Il e ir e p!i hylene K VinVl i alC ° h0 ' COpo, y mer - whose u « in the composition according to the invention provides 
ZXZZT^T C *T Ch r iCa ' Pf ° PertieS - ,yPiCaHy has a " eth V'ene conten o f om 

me ^Z^Tc ^b Z 1?h°^ % ? W6i9ht <15 - 50% m0,> - m0fe Prefefab, V 30-45% mo., with a 
men mow moex (230 C. 2.16 Kg) of b tween 2 and 50. preferably between 6 and 20 

Further preferred featur s for the thylenevinyl alcohol copolym r are as follows: 
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Intrinsic viscosity, [?] (in OMSO at 30* C) 


0.50-0.9 
preferably 0.65-0.80 


Molecular weight distribution Mw/Mn (GPC in tetrahydrofurane) 
M Iting point t mperature 

Hydrolisys degree ' 


1.3-4 
< 180'C 
preferably 160-170'C 
90-99.9% 
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Copolymers produced by Solvay and available commercially under the trade name of Clarene (reoistered 
trademark) may be used. =yiawrea 

The term "starch", as used in the present description and in the claims, generally covers all th 
starches of natural or vegetable origin composed essentially of amylose and/or amylopectin Thev can be 
extracted from various plants, such as. for example, potatoes, rice, tapioca, maize and cereals such as rv 
oats and wheat. Maize starch is preferred. The term starch also covers modified starch whose acidity index 
has been lowered to a va«ue of between 3 and 6. as we., as potato starch in which the type and 
concentrat.cn of the cations associated with the phosphate group have been modified. Ethoxy derivatives of 
starch, starch acetates, cationic starches, oxidized starches, cross-linked starches and the like mav be used 
in the method of the present invention. 

The term destructured starch means a starch which has been heat-treated above the glass transition 
temperatures and melting points of its components, so that the components are subjected to endothermic 
trans.t.ons such as to produce a consequent disorder in the molecular structure of the starch granules The 
methods for destructuring the starch and for preparing the composition according to the invention will be 
described more fully below. ,De 
In the composition according to the invention, destructured starch and ethylene/vinyl alcohol copolvm r 
may be present in a ratio by weight of from 1:19 to 19:1. preferably from 1:4 to 4:1 

The composition preferably includes a high-boiling plasticizer with a boiling point above ISO'C which 
is present ,n a quantity of from 0.0S to 100% of the weight of the starch, preferably from 0 05 to 40% of the 
weight of the starch. ° ine 

Polyols. such as polyethylene glycol with a molecular weight of from 200 to 4000 ethylene olvcol 
propylene glycol, sorbitol and. preferably, glycerine, are used as plasticizers. 

The composition may also include a quantity of urea of from 2 to 20% of the weight of the starch 
component. The use of urea is not necessary but it may be desirable as a starch-destructuring aqent 
depending on the method used for the preparation of the composition, as will be seen more fully below ' 
The composition may also include other low-melting polymers, in particular, modified ethylene oolv- 
mers. specifically ethylene. acrylic acid (EAA) copolymers, or even polyvinyl alcohol, at a concentration of 
up to 15% of the weight of the total composition. With reference to the EAA copolymer water-dispersible 
copolymers are used, such as those described in the United States patent No. 4.133.784 the contents of 
which are understood to be included in the present description as a result of its mention 

Cross-linking agents such as formaldehyde, paraformaldehyde, paraldehyde and epichlorohydrin mav 
also be present. y 

It is intended that the composition may include other additives suitable for imparting specific properties 
to the articles which are to be produced from the composition. Thus, for example. UV stabilisers for 
example, carbon black, may be added to improve the resistance of the articles to sunlight; flameproofing 
agents may be added if this property is required in the articles. Other additives include those conventionally 
incorporated in starch-based moulding or blow-extrusion compositions, such as fungicides, herbicides 
antioxidants, fertilisers, opacifies stabilisers and plasticizers. All these additives may be used in conven- 
tional quantities as known to experts in the field or as easily determined by routing tests, and may 
constitute up to 20% by weight of the final composition. 

The composition has a water content of no greater than 6% of the weight of the composition as a 
whole, resulting from the intrinsic moisture content of the starch used or from water add d as appropriate 
during the preparation method. 

The composition is prepared by mixing in a heated extrud r to produce an extrusion which can be 
granulated for subsequent use in conventional plastics processing. 

In its most usual form, the method for preparing the composition, which constitutes a further subject of 
the invention, comprises the step of mixing the ethylene/vinyl alcohol copolymer and starch in a ratio by 
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nnfi «nT k L ' Pre ef3bly ff0m 1:4 t0 4:1 ' with a quantit y of 3 high-boiling plasticizer of from 
aOS to 100% of the we.ght of the starch, possibly in the presence of a destructuring agent sel cted from 
he group cons.sting of urea, alkalin -earth or alkali metal hydroxides, in an extruder which is h ated to a 
temperature and for a period of time sufficient to bring about the destructuring of the starch 

s The composition may be prepared in a single mixing stage, in which cas the destructuring aqent is 
used ,n a quantity of from 2 to 20% of the weight of starch, and a quantity of water of from 0.05 to 100% of 
the we.ght of the starch is added as appropriate. Other useful destructuring agents may be constituted by 
sodium, potassium and calcium hydroxides. Ammonia may also be added in the extruder and the quantity 
used reduced to a content of no more than 0.5% of the weight of the composition by a drying stage durino 

io the extrusion process or thereafter. a 
The temperature within the extruder is between 120 and 170'C. preferably between 130' and 160' 
depending on the type of starch used and on its water content. 

According to a preferred embodiment, the method for preparing the composition according to the 
invention comprises the step of mixing, in a heated extruder, the ethylene/vinyl alcohol copolymer with a 

is destructured-starch-based component which is prepared beforehand by mixing starch in an extruder with a 
quantity of a high-boiling plasticizer of from 0.05 to 100% of the weight of the starch in the presence of a 
quantity of a destructuring agent selected from the group consisting of urea, alkaline hydroxides alkaline- 
earth hydrox.des. and mixtures thereof effective for causing the destructuring of the starch at a temperature 
below the boiling point of the plasticizer and between 120 and 170* C. preferably. 130-160' C 

20 The preparation of the destructured starch is carried out beforehand in the absence of added water that 
is. in the presence only of the intrinsic water content of the starch as it is. which is generally between 10 
and 13% by weight. During the preparation of the destructured starch component, low-melting copolymers 
such as EAA in particular, may be added to the starch. 

It has been found that the preparation of the destructured starch component beforehand in the presence 

25 of the h.gh-boil.ng plasticizer and in the absence of added water produces a composition which can be 
processed at temperatures higher than 1 20 *C without problems due to the formation of bubbles and which 
can be extruded at low pressure without problems due to volatile substances. This composition is 
particularly suitable for subsequent mixing with the ethylene/vinyl alcohol copolymer component in th 
extruder. 

30 The composition which is the subject of the invention is generally produced in the form of pellets for 
subsequent conversion into films or moulded products by techniques such as injection moulding blowino 
thermo-forming, etc. 3 w ' 

The moulded products and films obtained with the use of the composition by means of conventional 
techniques for the processing of plastic materials fall within the scope of the invention. In particular with 
reference to the films or sheet materials, the composition enables films which have good mechanical 
strength characteristics..particularly cutting and perforation resistance, and which are useful as oxygen and 
carbon dioxide barrier films and for packaging or mulching to be produced by extrusion-blowing 

Further characteristics and advantages of the invention will become clear from the following examples 
provided purely by way of illustration. 
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Example 1 

An ethylene/vinyl alcohol copolymer. Clarene R20 (registered trademark), and 15% of glycerine by 
weight of the copolymer were extruded at 140 'C by HAAKE Reomex extruder, model 252. with an L'O ratio 
of 19. a screw diameter of 19 mm. and a compression ratio of 1:3. and with the screw revolving at 40 rpm. 

50 parts of the product thus obtained were mixed with 70 parts of GLOBE 03401 CERESTAR 
(registered trademark) starch. 50 parts of water and 15 parts of urea, and then extruded by the same 
extruder at 120 C. The extrusion thus obtained was converted into pellets. 

The pellets were supplied to the same extruder with the use of a film-blowmg head. Rectangular test 
pieces for tensile testing according to ASTM 882 were formed from the films approximately 100 microns 
thick. 

The test pieces were conditioned at 23 s T C and 55 t 5% relative humidity for 24 hours. 
The mechanical strength tests gav the following results expressed as average values: 
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Young's modulus 


5285 kg/cm 2 


yielding strain 


17% 


yielding stress 


1 86 kg/cm 2 


breaking strain 


52.8% 


breaking stress 


1 78 kg/cm 2 
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A composition was prepared containing: 

- 63% by weight of undried GL08E 03401 CERESTAR (trademark) starch with a water content of 1 1% 

- 25% by weight of glycerine; 

- 7% by weight or urea; 

- 5% by weight of the Dow Chemical copolymer EAA 5981 containing 20% of acrylic acid. 

The components were supplied from a Uccarbo DC-10 batcher to a Baker Perkins MPC/V-30 extruder 
The extruder was constituted by a two-screw unit divided into two regions, with a screw diameter of 30 mm 
and a screw length/diameter (UD) of 10:1. and connected to a single-screw extruder press with a capillary 
head and a screw having a diameter of 30 mm and an LO ratio of 8:1. divided into three regions The 
capillary nozzle used has a diameter of 4.5 mm. 

The extrusion temperature was 140*C. 

The extrusion obtained was pelletized without problems. 

60% of destructured starch pellets and 40% by weight of Clarene R20 ethylene/vinyl alcohol copolymer 
were extruded at 160 C in the same extruder. The Final blend was blown at the 160*C in a HAAKE 
extruder as described in Example 1. 

The product obtained was characterized by a melting point of 135" C and a glass transition temperature 
of 70 C. 

The mechanical bending properties were measured on rectangular test pieces conditioned and 
prepared as described in Example 1, giving the following average values: 
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Young's modulus 


3861 kg/cm 2 


yielding strain 


43% 


yielding stress 


164 kg/cm 2 


breaking strain 


207% 


breaking stress 


210 kg/cm 2 
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The tearing resistance determined on test pieces obtained according to the ASTM standard O1004 was 540 
g/100 urn. The perforation resistance and the breaking energy were 3.3 kg/am and 0.1 3 Joules. lOOum 
respectively. 
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A composition was prepared containing: 

- 39% by weight of undried GLOBE 03401 CERESTAR (trademark) starch of Example 2 

- 37% by weight of an ethylene.vinyl alcohol copolymer having the properties shown in Table 1 

- 1 2.8% by weight of glycerine 

- 3.2% by weight of water 

- 3% EAA 5981 copolymer (Oow Chemical) 

- 5% urea. 

The components w re supplied from a gravimetric batcher to the Baker Perkins MPC V-30 extruder 
used in Example 2. During tests 3-8 the extrusion processing temperatures were varied within the range 
120-179 C in the two-screw zone of the extruder and within the range 170-140* C in the single-screw zone. 

The extrusion obtained was p lletized and extrusion-blown into a film as described in Example 1 at 
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about 160"d 

The tensile mechanical properties are shown in Table 2. 

Tab. 1 

5 



Properties of the ethylene/viny! alcohol polymers used in Examples 3-8 




EX. 3 


EX. 4 


EX. 5 


EX. 6 


EX. 7 


EX.8 


Ethylene content (mol. %) 
Intrinsic viscosity (DMSO. 30 " C) 
Mw/Mn 

Melting temperature (* C) 
Hydrolisys degree 
Melt flow index (230 " C. 2.16 kg) 
Melt flow index (210* C, 2.16 kg) 


42 
0.79 
3.6 
164 

99.3 

20 


38 
0.67 
1.7 
179 
99.6 

25 


38 
0.67 
1.7 
169 
98.5 

25 


38 
0.67 
1.7 
176 
99.6 

8 


44 

0.77 
1.7 
166 
99.6 

12 


44 

0.77 
1.7 
162 
99.7 

3 



Mechanical pi 


-operties of the films obtained according to Examples 3-8 


TENSILE 

EXAMPLE 

PROPERTIES 


EX.3 


EX. 4 


EX. 5 


EX.6 


EX.7 


EX.8 


r 5 (MPa) 
«b (%) 
E (MPa) 
e b (KJ/m 2 ) 


17.6 
238 
149 
1550 


10.9 
206 

88 
914 


10.4 
312 

64.5 
1462 


17.0 
333 
109 
1936 


18.0 
334 
110 
1966 


22.0 
333 
285 
2508 
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Claims 



1. A polymer composition usable for the production of articles of biodegradable plastics material 
■ncludmg an ethylene/viny. a.coho. copolymer and a destructured starch. Wherein said eL^Z^Zt 
« copolymer has an ethylene content of from ,0 to 90% by weight and a melt flow index Z SO 

ratio o, T<!?™ Z^™' n9 t0 C,a ' m *** - C ° P0,y ™ a " d «■ ~* - P-nt in a 
ratio^ Hro^^ 10 C,a ' m ' • ^ "*** * C0P °"™ - *• ^ch are present in a 

<s 4. A polymer composition according to Claim 1 . also including a high-boilino olasticizer at a rnnronrr, 
tion of from 0.05 to 100% of the weight of the starch component. 9 * * * C00Cen,ra - 

> , 5 ' A ,«o' ymef composi,ion ^cording to Claim 4. in which the concentration of the high-boilino olasticizer 
.s from 20% to 100% of the weight of the starch component. 9 plast,c,zer 

6 " A composition according to Claim 4 or Claim 5. .n which the high-boiling plasticizer is selected from 
°' 9 ' yCerine ' P °' ye,hylene g,yC0, • ^ ^.TZ Z 

™SJ%S£££szgz" ciaims 1 * *■ - **— ■ - - * ^ 2 , 0 

8. A composition according to anyone of Claims 1 to 7. including water at a concentration of uo to 6"' 
55 of the total weight of the composition. . concentration of up to 6 ,. 

m Jr * CO ™ p ° s * ,on acco ' din 9 10 a "y°"e o' Claims 1 to 8. including a quantity of a polymer selected from 
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10. A composition according to anyone of Claims 1 to 9, including polyvinyl alcohol 
n J 1 ^ h COmpo J tio " ^cording to anyone of Claims t to 10. also including a quantity of ammonia of up to 
0.5% of the w ight of th composition. M 

12. A composition according to Claims 1 to 11 wherein the ethylen /vinyl alcohol copolymer has an 
5 ethyl ne content of from 10 to 40% by weight and a melt flow index of from 6 to 20. 

13. Articles in the form of films made from a polymer composition according to anyone of Claims 1 to 

14. Moulded articles made from a polymer composition according to any one of Claims 1 to 12 

15. A method for the preparation of a polymer composition usable for the production of articles of 
to biodegradable plastics material, comprising the step of: 

• mixing an ethylene/vinyl alcohol copolymer and starch in a ratio by weight of from M9 to 19 i with a 
quantity of a high-boiling plasticizer of from 0.05 to 100% of the weight of the starch, possibly in the 
presence of a destructuring agent selected from the group consisting of urea, alkaline-earth or alkali metal 
hydroxides, in an extruder which is heated to a temperature and for a period of time sufficient to brina about 
is the destructuring of the starch. 

16. A method according to Claim 15. comprising the step of mixing, in an extruder heated to a 
temperature of between 120 and 170\ an ethylene/vinyl alcohol copolymer with a destructured-starch- 
based component which is prepared beforehand by mixing starch in an extruder with a quantity of a hioh- 
bo.ling plasticizer of from 0.05 to 100% of the weight of the. starch, in the presence of a quantity of a 
destructuring agent selected from the group consisting of urea, alkaline or alkaline-earth hydroxides and 
mixtures thereof effective for causing the destructuring of the starch at a temperature below the boilino f 
the plasticizer and between 120 and 170* C. 9 

17. A method according to Claim 15 or Claim 16. in which the high-boiling plasticizer is selected from 
the group consisting of glycerine, polyethylene glycol, ethylene glycol, propylene glycol sorbitol and 

25 mixtures thereof. ' 

18. A method according to Claim 15. in which the destructuring agent is added in a quantity of from 2 
to 20% of the weight of the starch component, in which the mixing operation is carried out with the addition 
of a quantity of water of from 0.05 to 100% of the weight of the starch component, and in which the water 
concentration is reduced to a value no greater than 6% of the weight of the whole composition. 

30 19. A method according to any one of Claims 16 to 18. also including the addition of ammonia. 
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